We evaluated the effect of standardized clinical breast examination (CBE) training on residents' ability to detect a 3-mm breast mass in a silicone breast model.
evidence on the efficacy of these 2 tests demonstrates that in routine clinical practice CBE sensitivity is 26-35% 5, 6 and mammography sensitivity ranges from 90% in women over 70 years of age down to 60-70% in women under 45 years of age. 5, 7 Although there is a paucity of evidence regarding the effectiveness of screening CBE, the Canadian National Breast Screening Studies 1 and 2 (CNBSS) demonstrated that in women 40-49 and 50-59 years old, CBE alone in a 10-to 15-minute exam resulted in equal 7-year mortality rates to CBE plus mammography. [8] [9] [10] [11] Whereas these breast cancer studies
were not structured to assess the effectiveness of screening CBE, their results do suggest that high-quality CBE may play an important role in the early detection of breast cancer.
Most physicians do not screen appropriately for breast cancer. [12] [13] [14] [15] Recently, the Centers for Disease Control and Prevention (CDC) and the American Cancer Society (ACS) published consensus recommendations on the best method of performing CBE, along with a standard lexicon to use in documenting CBE findings. 16, 17 The consensus conclusion is that the vertical strip, three-pressure method (VS3PM) of CBE is the most sensitive technique and most likely to detect breast cancer at its earliest stages. This method contrasts with the circle or wedge, single-pressure methods commonly used in clinical practice. The lexicon includes terms for 8 descriptors: location in 3 dimensions (clock face, distance from nipple, and depth), size, shape, mobility, texture, and margins. The publications recommend standardizing training for CBE and documentation. We developed such a training program in 1999 and have used it to retrain practicing clinicians in Oregon since then (Fig. 1) . The training is designed to improve performance in 'the 4 Ds' of breast cancer early diagnosis: detection, description, discrimination, and decision-making. Pre/post training skills assessment on over 700 practicing clinicians has shown an increase in the ability to find masses in a silicone model from 10% to 60% of masses. This is consistent with Fletcher et al., who found that untrained practicing physicians detected only 14% of 3-mm masses in silicone models. 18 We expected it would be more effective and efficient to include standardized CBE training in graduate medical education rather than waiting to attempt retraining when in practice. We wanted to evaluate the effectiveness of training primary care residents with a standardized VS3PM CBE curriculum. To accomplish this, we used a 'train the trainer' model to implement our standardized CBE training in 8 family medicine, internal medicine, and obstetrics and gynecology residency programs in Oregon. We hypothesized that (1) CBEtrained residents would perform better on at least 3 of the 4 Ds (detection, description, and decision-making) than residents receiving usual training and (2) a 'train the trainer' model would integrate this educational intervention effectively into multiple types of residency programs. Using a nonrandomized controlled trial study design, we trained some faculty and residents in each program and objectively evaluated the skills of trained versus untrained residents.
METHODS
This project was reviewed by the OHSU Institutional Review Board (IRB) and determined to be IRB exempt as an evaluation of an educational intervention. All the residency program directors supported the project.
Study Design
We conducted a nonrandomized controlled trial in which the study group received standardized CBE training in the first year of a primary care residency, and the control group (second year residents) did not receive training. We elected not to randomize the training among both first (R1) and second (R2) year residents because we believed it would increase the risk of contaminating the control group and because a core goal for this project was the introduction of an educational enhancement into residency training. We enrolled all internal medicine, family medicine, and obstetrics and gynecology residency programs in Oregon (8 programs total with 99 first year residents annually). We developed and provided training for 1 to 4 faculty members in each program in 3 phases.
In phase 1, interested faculty members participated in the existing CBE training program. They then used VS3PM CBE in their clinical practices for 2 to 4 months. Phase 2 required the faculty to participate in group sessions during which we reviewed the training session in detail and provided the information necessary to teach the standardized CBE training sessions consistently. In phase 3, an experienced CBE program faculty mentored all newly trained residency faculty members as they trained residents in their own programs. (Table 1) . Nonbiased clinical duty assignment resulted in 24% of residents not attending the required training. Experienced CBE faculty mentored residency faculty at each session; they collected data about the new faculty performance using an instrument developed to train faculty for our existing program. 19 Mentors assisted with the teaching when faculty did not address key points or learners had questions the faculty could not answer. The mentors gave the faculty constructive feedback immediately after each session. From February to May 2004, we administered a singlestation Objective Structured Clinical Exam (OSCE) to 70% of trained R1s and 70% of R2s (Table 1 ). All testing occurred at residents' primary clinical sites 3 to 6 months after R1 training. The OSCE required residents to (1) read a subjective presentation of a well woman in her 40s for routine preventive care; (2) examine a silicone breast model (MammaCare® California C, a model not used during the training) in a standard orientation; and (3) write the objective, assessment, and plan portions of the note. Residents were told the model might contain zero, one, or several discrete masses. The test model contained one 3-mm 40 durometer 1 fixed nodule and an area of approximately 25% simulating normal nodularity. We scored residents' notes according to whether the solitary nodule was detected and, if so, was described thoroughly and considered concerning requiring further evaluation. Study staff observed all the OSCEs and recorded data about the use of individual exam components and time taken performing the CBE. To prevent observer bias, attending physicians from the residency programs did not observe the OSCEs. All residents completed the CBE in less than 10 minutes.
Evaluation Design
We compared OSCE performance between the R1s and R2s. Our primary outcome measures were the ability to (1) detect the lump in the breast model; (2) describe the findings using the recommended lexicon; (3) discriminate between concerning and nonconcerning masses; and (4) decide on an appropriate follow-up plan for management of abnormal findings. We judged performance on outcomes 2, 3, and 4 against CDC guidelines for documentation and management of abnormal breast findings. 16, 17, 20 We scored the key components individually in accordance with the CBE training module and the CDC guidelines.
To ensure inter-observer consistency, we pilot-tested the OSCE on 7 R3s sequentially with all observers scoring simultaneously. In an iterative process, the observers compared scoring and discussed discrepancies, achieving approximately 95% inter-observer consistency. One investigator (E.S.) scored all the written notes.
Statistical Analysis
We used descriptive statistics to characterize participants. We analyzed whether training status predicted performance on all 4 outcome measures: (1) ability to detect 3-mm mass; (2) usage of all 8 descriptors; (3) discrimination between normal nodu- larity and a solitary mass; and (4) documentation of assessment and education about risk factors, plans for imaging, biopsy, and follow-up. We compared the proportions of all residents who found the mass within a given exam time. We used life-table survival analysis to plot the time spent on the exam by residents in each of the 2 groups by mass found/not found. We performed univariate logistic regression to identify which exam components were predictors of the primary outcome measure (lump detection). To test for a difference in proportions between the trained and untrained residents with regard to number of descriptors, we used the chi-square test. We computed relative risks and 95% confidence intervals. All statistical analyses were run on SAS version 9.0 (SAS Corporation, Cary, NC, USA).
RESULTS
On the OSCE testing, 84% of R1s and 46% of R2s found the 3-mm mass. This proportional difference held across family medicine and internal medicine; all of the 4 obstetrics and gynecology R1s tested found the mass. R1s were significantly more likely to find the solitary mass than R2s (RR=1. Table 2) . Gender was not associated with mass detection.
The time spent performing the exam affected mass detection significantly. Regardless of training level, residents who took <90 seconds to perform the exam (39 of 115) found the mass 36% of the time. For those who took 90-149 seconds (33 of 115), mass finding increased to 58%. The largest increase in proportion of residents finding the mass occurred among those who took >150 seconds (43 of 115) in which 90% of residents found the mass (Fig. 2) . Figure 3 plots the exam times for each group according to whether they found the mass or not. Although the time spent doing the exam was the most significant variable, using the vertical strip pattern was independently associated with mass finding and whereas the two factors were somewhat confounded, they were identifiably independent, as demonstrated in Table 3 .
False positive findings were not statistically different between the 2 groups. Among R2s, 13% found false positive masses compared to 21% of R1s (RR=1.61, P=0.54). Analysis of the ability to document findings consistent with the recommended lexicon showed that among those who found the mass R1s were significantly more likely than R2s to include documentation of the majority of the 8 descriptors ( Table 4) . Documentation of assessment and plan was essentially equivalent between R1s and R2s who found the mass with both groups equally likely to include or omit each of the 5 required assessment and plan items.
DISCUSSION
Regardless of the training status, residents using components of VS3PM were significantly more likely to find a 3-mm mass in a silicone model. Residents formally trained in this method performed better than more experienced but untrained residents. In both groups, those finding the mass spent more time on the exam than those who did not. These results are consistent with previous research showing increased CBE sensitivity with additional exam time, 18, 21 but also suggest that formal training in VS3PM and use of this specific method of CBE enhances the sensitivity of CBE. The value of taking this additional time presents a challenge to busy clinicians who must address multiple needs in the course of routine health screening exams, but the dramatic improvement in sensitivity suggests this time would be well spent. We hypothesized that our standardized VS3PM CBE training method would enable residents to improve performance of the 4 Ds (detection, description, discrimination, and decisionmaking). We found improvements with regard to detection and description, and equal capacity with regard to discrimination and decision-making. Particularly significant results include the association of core VS3PM components (consistent search pattern, deep palpation, circling downward, and adequate overlap of coverage) with detecting the mass; and the markedly improved documentation of findings by R1s.
Unlike the work of Campbell et al., 22 we found an insignificant difference in false positives between R1s and R2s. Although this study was underpowered to detect a moderate increase in false positives, the pre/post training skill assessment revealed an absolute 2% decrease in false positives among R1s. The R1 false positive rate on the OSCE was less than half that of the post training assessment, suggesting that clinical experience in the interval between training and testing may decrease false positives. Some residents interpreted areas representing normal nodularity as abnormal masses. The highly standardized approach to training both faculty and residents makes this program very transportable to other residency programs whose trainees will use CBE in clinical practice, similar to the transportability of trainings such as the Advanced Cardiac Life Support. The interobserver consistency in scoring the OSCE supports the validity of the results.
Finally, the OSCE-tested skills are relevant to actual clinical practice, including careful documentation of findings, assessment, and plan; and appropriate clinical decision-making based on history and physical exam findings.
These results must be evaluated in the light of several possible limitations. Although this study was not randomized, important strengths do exist in nonrandomized controlled studies. 23 If any systematic difference in skills existed between R1s and R2s before training, the advantage would likely fall to the more experienced group, counter to our hypothesis. None of the residency programs changed their resident selection criteria between the R2 and R1 classes; it is therefore likely that the two classes were similar in overall skill and knowledge of CBE at entrance to residency. R1s and R2s performed equally on the assessment and plan section of the OSCE. It could be that our training did not enhance this ability or that the advanced experience of R2s gave them equivalent skill. As the R1s had exposure during training to the type of silicone models used for the OSCE, whereas the R2s did not, the R2s may have been limited in their ability to detect the mass. This is less concerning as R2s who did use components of VS3PM performed better than those who did not. In addition, a significant percentage of eligible residents did not receive training and of those trained, were not tested. Discussions with the faculty at each program showed that this "drop-out" was nonbiased and based solely on clinical rotation at the times of training or testing. However, it does point out one of the challenges of implementing such a curriculum in residency programs.
Those scoring performance of the actual exam were not blinded to training status (R1 or R2) and, therefore, could have been biased in interpreting and recording exam technique. This could not have affected the difference between groups in detecting the mass, in the time taken in the exam, or the written findings by the residents. In addition, the data on exam technique are very consistent with the detection results, providing internal validity.
Another potential limitation is that the study depended on performance on an OSCE using a silicone breast model and a written history rather than evaluation of a live patient. Review of the literature shows that OSCE performance generally does translate to performance in real clinical settings, [24] [25] [26] [27] although there is no direct evidence that performance of CBE on a silicone model represents performance on a patient. Whereas this study demonstrated the effectiveness of this training, it did not explicitly demonstrate the benefit of training in residency as opposed to retraining in clinical practice. These results should influence practice only if CBE plays a role in early diagnosis of breast cancer. No trials to date have explicitly compared early diagnosis of breast cancer in patients screened using CBE compared to no CBE. All trials to date have included CBE in both the study and control groups. Determining the true role of CBE in the early detection of breast cancer will require further studies comparing the early detection of breast cancer among women who receive highquality CBE compared to standard CBE compared to no CBE (with or without mammography in each case to allow determination of the independent effect of high-quality CBE).
Future Studies
There is now a need for studies to follow clinicians trained in residency compared to those retrained later to determine actual CBE skills in practice. Future studies to better assess the role of high-quality CBE in the early detection of breast cancer will better inform physicians on this issue.
CONCLUSION
CBE is an integral part of the early detection of breast cancer. Currently, most residents do not enter graduate medical training with adequate CBE skills and should be trained in residency. This study demonstrates the feasibility and advantage of implementing a standardized curriculum for teaching CBE skills during postgraduate medical education. This standardized approach to teaching CBE shows clear benefit in significantly enhancing CBE sensitivity and appropriate documentation of findings without increasing false positive findings when used with residents. We expect that these improved skills will enhance the early detection of breast cancer, an important diagnosis in primary care practice. Primary care clinicians who perform CBE should be encouraged to use the vertical strip, three-pressure method and to spend at least 2 minutes per breast performing the examination to optimize the early detection of breast cancer.
